Abstract. Trypanosoma cruzi infection in central Mexico has not been fully documented, yet some data suggest its presence. In this work, sera from 211 subjects living in the state of Morelos and at risk of T. cruzi infection due to their living in contact with the vector were analyzed for the presence of antibodies to a total antigen extract of a Mexican isolate of T. cruzi. A seropositivity of 20% was demonstrated by both an enzyme-linked immunosorbent assay and Western blotting. Furthermore, parasites were isolated from five seropositive individuals, and these were genetically characterized as T. cruzi by multilocus enzyme electrophoresis. A case-control electrocardiographic study was conducted that included the seropositive individuals and twice as many seronegative controls living in the same area. A significant correlation was found between seropositivity and electrocardiographic alterations. These findings have important implications for perception of the prevalence of Chagas' disease in Mexico. Moreover, the presence of this disease in rural communities rapidly transforming into urban ones might have important epidemiologic consequences.
INTRODUCTION
Chagas' disease is a major endemic disease caused by the protozoan Trypanosoma cruzi. This parasitic disease is widely distributed throughout Latin America, affecting 20 million people. 1 Until recently, it was believed that Chagas' disease existed in North America in very low numbers since few reports existed on the presence of the disease. Recently, however, it has been estimated that there are as many as two million infected individuals and more than 72,000 cases in Mexico and Central America. 2 Although these figures are only estimates, other studies 3 support the notion that the prevalence of Chagas' disease might be higher than previously thought. Thus, T. cruzi has been repeatedly found infecting bugs and different mammals in Mexico and United States. [4] [5] [6] [7] [8] In addition, migration of people from Mexico and Central America to the United States and Canada can be a factor in spreading the disease. 9, 10 The presence of Chagas' disease in Mexico has not been fully documented, mainly because in the past most of the population affected by the disease was poor and lived in places lacking sanitary services. 11 Other causes can be the lack of expertise of attending physicians for clinically recognizing patients infected by T. cruzi, the lack of trained personnel and laboratories required to make accurate diagnosis of the infection, and the absence of local production of reliable antigens to perform diagnostic tests. All these factors have contributed to the lack of information concerning the actual prevalence of the disease. Such data would be necessary to elaborate programs for vectors control and for monitoring blood banks in Mexico.
The scarce reports existing concerning the frequency of infection by T. cruzi in Mexico are contradictory: a serologic survey carried out several years ago reported a seropositivity of less than 1% in Mexico. 12 However, other reports found higher seropositivity rates in some regions of the country. 3, 13 Moreover, antibodies to T. cruzi have been reported in sera from blood donors in proportions higher than those found in the serologic survey mentioned earlier. [14] [15] [16] Very recently, a seropositivity of 17% was found in a blood bank in the same area of this study. 17 More important, an increasing number of clinical cases have been reported in some parts of Mexico not previously considered as chagasic areas, such as the states of Jalisco and Puebla. [18] [19] [20] These states are in the central part of the country, a considerable distance from the southern areas traditionally considered as chagasic zones.
The state of Morelos is located 68 km south of Mexico City in the central part of Mexico. This study was conducted in the Jiutepec and Cuernavaca municipalities, in the center of the state, which are 1,400 and 1,290 meters above sea level, respectively ( Figure 1 ). Both regions have a temperate climate and tropical vegetation, with an average annual temperature of 22ЊC and a rainy season during the summer. There are few inconclusive reports on the presence of T. cruzi in this state: in 1949, Mazzotti and Diaz reported infected T. pallidipenis inside some houses in this area. 21 In 1962, González and others reported the first human case of Chagas' disease in the state. 22 More recently, Cortés-Jiménez and others reported that 80% of the triatomines captured in Cuernavaca were infected with T. cruzi. 23 Also, infection of domestic dogs with this parasite has been reported. 24, 25 In 1986, Velasco-Castrejón and Guzmán-Bracho reported infection of humans and bovines with hemoflagellates, probably T. cruzi, in Jiutepec. These investigators also found a seropositivity of 28.6% in the same municipality. 26 It is important to mention that in these reports there is no direct evidence whether or not the parasite infecting insects, reservoirs, and humans in Morelos is T. cruzi or other related hemoflagellate.
In this work, we provide evidence of the presence of T. cruzi-infected humans in Morelos State as demonstrated by serologic tests, isolation of the parasite, and its genetic identification as T. cruzi. Moreover, we show that cardiologic alterations correlated with seropositivity in the population analyzed. 
PATIENTS, MATERIALS, AND METHODS

Patients.
A directed search for T. cruzi-infected people was conducted in the cities of Progreso and Lazaro Cardenas (municipalities of Jiutepec and Cuernavaca, respectively) in the state of Morelos, Mexico (Figure 1 ). People living in contact with Triatoma sp. as determined by the finding of triatomines in their houses, and people who reported having been sucked by the insect were asked to participate in the study. Children younger than two years of age, as well as individuals with evident signs of an unrelated disease, were excluded. Two hundred eleven volunteers were included in the study, after informed consent was obtained from them or their parents or legal guardians for minors (Ethical committe of the Instituto de Salud Publica). Their mean Ϯ SD age was 19 Ϯ 13 years, with a range from two to 66 years. All subjects participating in the study had never been previously treated for Chagas' disease.
Study design. A sample of sera was collected from each of the 211 volunteers for analysis by enzyme-linked immunosorbent assay (ELISA) and Western blotting. Individuals who were seropositive by both tests were asked to donate 20 ml of blood for hemoculture and to have an electrocardiogram (ECG) taken. The ECGs were also taken from an age-and sex-matched group of twice as many seronegative individuals (case-control study). Isolates of T. cruzi obtained from the hemocultures were genetically characterized by isoenzymes.
Enzyme-linked immunosorbent assay. The antigen mixture used to coat the plates was prepared from cultured epimastigotes of the Mexican T. cruzi stock (Ninoa), which has been previously characterized. 27 Parasites at the exponential phase of growth were collected by centrifugation at 1,000 ϫ g for 10 min at 4ЊC. The supernatant was removed and the parasites were washed with phosphate-buffered saline (PBS), pH 7.2, and centrifuged as above. The parasite pellet was suspended in 10 mM Tris-HCl, pH 8.2, containing protease inhibitors. The mixture was sonicated five times for 2-min intervals at 100 watts in an ultrasonic sonicator (High Intensity Ultrasonic Processor, Sonic and Materials Inc., Danbury, CT). The solution was then centrifuged at 15, 000 ϫ g for 30 min at 4ЊC. The supernatant (total extract) was recovered and stored at Ϫ20ЊC after determination of the protein concentration. 28 Plates for the enzyme-linked immunosorbent assay (Costar Corporation, Cambridge, MA) were coated with 100 l of solution containing 10 g/ml of the total extract in 0.1 M carbonate buffer, pH 9.6. After a 2-hr incubation at 37ЊC, the plates were washed three times with PBS/0.05% Tween 20 (PT buffer) and blocked for 1 hr at 37ЊC with 1% bovine serum albumin in PBS. One hundred microliters of serum diluted 1:250 in PT buffer were added per well. The plates were incubated for 2 hr at 37ЊC and washed three times as above. Fifty microliters of peroxidase-conjugated anti-human IgG ϩ IgA ϩ IgM (Zymed Laboratories Inc. San Francisco, CA) diluted 1:2,000 in PT buffer were then added and the plates were incubated 2 hr at 37ЊC. The plates were then washed with PT buffer and the enzymatic reaction was developed with o-phenylenediamine as substrate. The reaction was stopped with 50 l/well of 2.5 N sulfuric acid. The absorbance values were determined with an ELISA reader (Model 3550, Bio-Rad, Hercules, CA) at 490 nm. Each test was carried out in duplicate. Positive control sera from chronic chagasic patients were obtained from the Instituto Nacional de Cardiología. 29 Ninety-five negative control sera were obtained from adults living in areas of Mexico free of Chagas' disease. One hundred ninety of the 211 samples, including 32 samples positive by both the ELISA and Western blotting, were also tested by a commercial Chagas test ELISA (Wiener Laboratories, Rosario, Argentina).
Western blotting. Proteins of the total extract were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes. 30 After saturation overnight in PBS containing 10% skim milk at 4ЊC with constant shaking, the nitrocellulose membrane was cut into strips that were individually incubated (2 hr at 37ЊC) with 1 ml of human serum diluted 1:500 in PBS/10% skim milk. Each strip was washed three times with PBS-0.1% Tween 20 and incubated with peroxidase-conjugated anti-human IgG ϩ IgA ϩ IgM (diluted 1:2,000) for 2 hr at room temperature. The strips were then washed as above and the reaction was developed with 0.5 mg/ml of diaminobenzidine in PBS containing 0.02% H 2 O 2. The reaction was stopped with water. Positive and negative control sera were included in each experiment.
Hemoculture. This procedure was carried out according to Chiari and others 31 with slight modifications. Twenty milliliters of venous blood were mixed with 1 ml of heparin (1,000 U/ml) and centrifuged at 1,700 ϫ g for 10 min at 4ЊC. The upper layer was discarded, leaving approximately 2 ml of plasma over the cells. The packed cells were resuspended in 8 ml of liver infusion tryptose (LIT) medium and centrifuged for 10 min as above. The packed cells were then resuspended in 12 ml of LIT medium and divided into four tubes. Cultures were incubated at 28ЊC and examined from day 1 through day 90 at five-day intervals. The tubes that did not showed any flagellates after three months of culture were centrifuged and the pellet was microscopically examined to verify a negative result (Sánchez B, unpublished data).
Electrocardiographic study. An ECG case-control study was conducted. Patients presenting a positive serology for T. cruzi were matched by sex and age with seronegative individuals living in the same geographic region. The ECGs were performed with a 12-derivation electrocardiograph (1-6 channels, Cardiofax V; Nikon Kohden America, Inc., Foothill Ranch, CA) at a paper speed of 25 mm/sec. Classification of the ECGs as normal or abnormal was according to the guidelines from the Criteria Committee of The New York Heart Association. 32 Complete clinical examination was also performed by a physician, and the presence of Leishmania infections were clinically eliminated for all patients.
Isoenzyme characterization. Parasites isolated by hemoculture and T. cruzi reference stocks were grown in LIT monophasic culture medium. Trypanosoma rangeli reference stocks were grown in biphasic NNN medium. The parasites were harvested by centrifugation and the pellets were stored at Ϫ70ЊC until use. Just before analysis, pellets were thawed and immediately mixed with an equal volume of enzyme stabilizer and left on ice for 20 min. The tubes were then centrifuged at 11,000 ϫ g for 10 min at 4ЊC. 33 The supernatants were aliquoted and stored at Ϫ70ЊC or used immediately. Electrophoresis was carried out in cellulose-acetate plates. 34 Twenty different enzyme systems were analyzed (22 enzyme loci). Genetic differences among parasites stocks were estimated by Jaccard's phenetic distances. A similarity matrix was computed and transformed into an agglomerative hierarchical cluster (Unweighted Pair Group Method of Analysis). 35 Relationships were depicted in a dendrogram using the Macintosh Dendro software (Laboratorie de Biometrie, Université Lyon1, Villeurbanne, Cedex, France). 36 Statistical analysis. The Student's t-test was used to compare the average optical densities of different groups of samples. The chi-square test was used for the statistical analysis of serology and ECG alterations. 37 
RESULTS
Detection of antibodies to T. cruzi by ELISA. To set the cut-off absorbance value of the ELISA, we tested 95 negative control sera. All of these sera were from individuals born in Mexico City who did not report staying in areas endemic for Chagas' disease. Seventy-one chronic symptomatic chagasic patients with at least two positive serology test results and cardiologic alterations were used as positive controls. The cut-off (CO) value was calculated according to the equation CO ϭ m ϩ 2.5␦, where m ϭ the average absorbance of the 95 negative samples tested in duplicate and ␦ ϭ the standard deviation. The calculated cut-off value was 0.50. All 95 negative controls showed absorbance values Ͻ 0.50. All sera from chronic symptomatic chagasic patients had values Ͼ 0.50. Thus, the ELISA using the Mexican strain of T. cruzi as the source of antigen showed a high sensitivity in detecting antibodies to T. cruzi in sera from chronic symptomatic patients (Sanchez B and others, unpublished data). Two hundred eleven sera from individuals living in an endemic area in Morelos State were then tested. Seventy-six (36%) showed absorbance values Ն 0.50. The mean Ϯ SD optical density value found for this population was 0.62 Ϯ 0.11, and the highest value was 0.87 ( Figure 2) .
One hundred ninety of the 211 samples, including 32 samples positive by both the ELISA and Western blotting, were tested by the Chagas test ELISA. Only one sample, the one with the highest optical density value in the ELISA using the Mexican stock, was positive by this commercial assay. FIGURE 3 . Western blot of sera from Lazaro Cardenas and Progreso, Mexico. Two hundred and eleven sera were analyzed by Western blotting using a Mexican isolate of Trypanosoma cruzi (Ninoa) as a source of antigen. A, sera from infected individuals from the studied area. B, sera from chronic symptomatic Chagasic patients used as positive controls. C, sera from healthy individuals from non-endemic areas used as negative controls.
Among the negative samples were three from individuals confirmed to be infected with parasites.
Detection of antibodies to T. cruzi by Western blotting. None of the 95 negative control sera tested by ELISA showed recognition of any protein of the total parasite extract. Therefore, the test result was considered positive when at least one band was detected. Forty-three (20%) of the 211 sera recognized at least one band from the parasite extract ( Figure 3A) . Forty-two of them had an ELISA absorbance value Ն 0.50 and one was negative although very close to the cut off point (optical density at 490 nm ϭ 0.49). The pattern of antigens recognized was heterogeneous among the sera. The number and the apparent molecular weights of the antigens recognized by each individual serum are shown in Table 1 . The number of bands recognized by each serum varied from one to six. The antigens most frequently recognized were the 74-and 40-kD antigens, which were recognized by 86% and 56% of the sera, respectively. Other antigens were recognized less frequently. None of the bands was recognized by all the positive sera. For comparison, sera from seropositive chronic symptomatic chagasic patients recognized more than 14 bands ( Figure 3B ). It is noteworthy that no correlation was seen between the ELISA absorbance value and the number of bands recognized in Western blot. There was no significant difference between the mean Ϯ SD ages of individuals who were positive by both tests (21 Ϯ 15 years) and those who were seronegative (18 Ϯ 12 years).
Among the seropositive individuals, 28 were from Progreso and 15 from Lazaro Cardenas. No differences in the mean Ϯ SD ELISA absorbance values were observed between the two populations (0.62 Ϯ 0.10 and 0.58 Ϯ 0.10, respectively; P Ͼ 0.05).
Electrocardiographic study. Each of the 43 seropositive individuals and the 86 negative matched controls were subjected to ECG examination and coded according to the guidelines of New York Heart Association. Twelve individuals had abnormal ECGs, eight of them presented a doublepositive serology and four were seronegative ( Table 2 ). The association between positive serology and abnormal ECGs was statistically significant (Yates' 2 ϭ 9.88, P Ͻ 0.05). It is important to note that cases with abnormal ECGs did not show high absorbance values in the ELISA or recognition of more bands by Western blotting. Finally, the proportion of individuals presenting ECG alterations represented 18.6% of the seropositive individuals. The main alteration in chagasic patients was left bundle branch block ( Table 2 ). The mean Ϯ SD ELISA values of the seropositive subjects with abnormal and normal ECGs were not significantly different (0.61 Ϯ 0.10 and 0.65 Ϯ 0.10, respectively). Also, no association was found between recognition of any specific antigen and cardiac pathology. Isolation of parasites and isoenzyme typing. Five (12%) of the 43 seropositive individuals in the group studied had a positive hemoculture result. Four additional stocks were isolated from four other seropositive individuals who were natives of other areas in Morelos State. The detailed isoenzymatic profiles of the nine stocks and reference strains are shown in Table 3 . The origin and zymodemes of the nine isolates and the ECG and serology results of the patients from which they were isolated are shown in Table 4 . All nine individuals showed normal ECGs, and the results of the ELISA and Western blotting of their sera were not different from those of the 38 individuals with negative hemoculture results.
Two distinct zymodemes, both of them belonging to the Z1 group, were detected among the nine stocks isolated from Morelos State: eight stocks presented the same multilocus profile (Zymodeme 2) and only one differed from the other at one locus (Dia 1; Zymodeme 3). Jaccard's phenetic distances were calculated pairwise between zymodemes including the T. cruzi and T. rangeli reference stocks. The maximum distance scored between two zymodemes was 0.98 between T. cruzi and T. rangeli (Z1/Z5). The dendrogram from Jaccard's distance matrix (Figure 4) clearly showed that zymodemes of the stocks isolated in Morelos State are closely related to the reference T. cruzi stock Silvio clone X10, and have a different pattern from the two T. rangeli reference stocks.
DISCUSSION
The prevalence of Chagas' disease in Mexico was believed to be limited to the southern part of this country. 23 We were interested in analyzing the frequency of antibodies to T. cruzi in individuals from two communities very close to Cuernavaca. These communities were small rural towns, now included in the metropolitan area of Cuernavaca. The percentage of seropositivity found by two different techniques was 20%. This value is higher than the figure reported eight years ago using indirect hemagglutination (IHA) and indirect immunofluorescence (IIF) in a national serologic survey, but similar to a recent study of sera from a local blood bank. 12, 17 This increment in seropositivity may be due to the different sensitivities of the techniques used or to that our study does not reflect the study of the general population, but was directed to individuals living in contact with Triatoma sp.
This is the first description of the humoral immune response of an asymptomatic population living in close contact with vectors in Mexico. The magnitude of their antibody response against T. cruzi seems to be rather low, as judged by the ELISA values (very close to the cut-off value), the limited number of antigens recognized by Western blotting ( Figures 2 and 3 and Table 1 ), and the failure of a commercial ELISA to detect all but one of the double-positive sera. This is in contrast to the strong antigen recognition by sera of individuals with chronic symptomatic Chagas' disease ( Figure 3B ). The results of the present work suggest that the picture of immune response of the indeterminate asymptomatic population in Mexico must be carefully analyzed with very sensitive and specific assays. Although the humoral immune response is low, the parasite was isolated by hemoculture from 12% of the seropositive individuals. The low humoral response and the low rate of parasite isolation is most probably related to the low levels of parasitemia caused by the type of parasite that is circulating in Mexico, which is different from the type most frequently found infecting humans in South America. 27 It has been suggested that distinct types of T. cruzi cause different levels of parasitemia. 38 The parasites isolated in this area of Mexico were identified by isoenzyme analysis using 22 loci and were unequivocally confirmed as T. cruzi zymodeme Z1 described by Miles and others, 39 in view of their close relatedness to the reference T. cruzi clone Silvio X10. They were different from T. rangeli reference stocks (Figure 4 ). This finding demonstrates the existence of natural infection in humans by T. cruzi (zymodeme Z1) in a central urban region of Mexico. The isoenzymes analysis showed that all isolates were closely related since we detected only two zymodemes that dif-fered only at a single enzyme. This result is in agreement with a previous report of characterization of several Mexican stocks of T. cruzi, in which all of them were shown to belong to the Z1 group. 27 We found strong association between ECG alteration and seropositivity. This implies that not only infection with T. cruzi, but also Chagas' disease, is present in this urban area. From the population analyzed, 18.6% of the seropositive population presented some ECG alterations, with left bundle branch block as the most frequent picture. This clinical picture resembles that found in patients from other chagasic areas. 40 Of the seronegative population, only 5% showed ECG alterations.
In the past, only rural areas in the southwestern part of Mexico were considered chagasic zones. It is important to point out that the individuals studied live in urban communities of more than 25,000 inhabitants only 1 hr from Mexico City with municipal services such as electricity, tap water, sewers, and paved roads. This report stresses the need for more studies of Chagas' disease in the central and northern geographic areas of Mexico. Moreover, the results presented here indicate that such studies must use serologic assays with adequate sensitivity to detect the low levels of antibodies usually observed in the chronic asymptomatic phase of this infection in Mexico.
